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Abstract 
The paper analyses the mechanical performance of a novel cellular structure, proposed as core in sandwich panels. 
The reason for creating such a topology is discussed and a comparison is drawn between the macro-mechanical 
properties of a sandwich beam containing the novel core and the most known cellular topologies - honeycomb, 
corrugated and pyramidal lattice truss - investigated in the same loading conditions. The variations of the mechanical 
properties in terms of the geometrical parameters are numerically determined for each type of cellular cores and their 
structural performance is assessed in terms of the relative density and the mechanical characteristics of the base 
material. It is shown that for certain particular geometric characteristics, the proposed cellular core may be an 
alternative offering comparable bending and shear stiffness of the sandwich panel while keeping its weight very low. 
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1. Introduction 
The need of lightweight and yet stiff and high strength materials has represented the coordinates of the 
driven vector in discovering and applying the sandwich concept for structural applications. A typical 
sandwich assembly consists of two thin exterior face sheets and one thick lightweight cellular core placed 
between them. These three components are forced to act as a unit by means of a joint method. As 
demonstrated in literature [1-3], the core has the most important contribution to the performance of 
sandwich structures. Its role is to stabilize the exterior face sheets, to keep constant the distance between 
them and to resist shear forces along its thickness. A novel cellular core, named ExpaAsym, has been 
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developed at Transilvania University of BraúRY by expanding sheet materials, resulting in an asymmetric 
geometry. The purpose of this paper is to numerically investigate the bending and shear stiffness of a 
sandwich beam containing the novel core and also to determine its relative position on a performance 
scale, in comparison to the most known and used cellular topologies: honeycomb, corrugated and 
pyramidal lattice truss, investigated in the same loading conditions.  
2. Investigation of various periodic cellular cores 
Although sandwich panels with honeycomb cores have successfully been used in structural 
applications, research has been carried for finding other cellular topologies in order to reduce the involved 
production costs and simplify the manufacturing process. Other proposed periodic cellular architectures 
are pyramidal lattice truss structures [1, 2] and corrugated structures [3]. These three types of cellular 
cores will be numerically analyzed in the same conditions as ExpaAsym core in order to evaluate and 
compare their structural performance in bending and shear. 
An important characteristic of a cellular structure is the relative density ȡr defined as the ratio between 
the density of the cellular material ȡc and the density of the solid the cell walls are made of ȡs [4]. For 
honeycombs, see Fig. 1(a), the relative density may be defined as: 
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Fig. 1. Parameterized representative unit cells of the investigated cellular topologies: (a) honeycomb; (b) corrugated; (c) pyramidal 
lattice-truss 
In the case of corrugated cores, see Fig. 1(b), the relative density is determined as: 
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For pyramidal lattice truss structures, see Fig. 1(c), the relative density may be obtained as [2]: 
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Eq. (1-3) will be used within this paper in order to determine the specific mass bending and shear 
stiffness of the analyzed structures. 
3. Investigation of the novel periodic cellular core 
The reason for creating such a novel topology is the simplicity of the manufacturing method and its 
very low relative density. The manufacturing method consists in the mechanical expansion of sheet 
materials that previously suffered certain specific cuts and perforations so that a pattern of periodic 
opened cells are formed. Based on the parameterized unit cell of the ExpaAsym cellular structure, Fig. 2, 
the relative density may be obtained using Eq. (4): 
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Fig. 2. Parameterized representative unit cell of the proposed cellular structure – ExpaAsym 
4. Structural performance 
In order to evaluate the way in which each type of the above presented cores contributes to the bending 
and shear stiffness of a sandwich assembly, four-point bending simulations were carried out for beams 
that contain each type of the investigated cellular cores and by varying the most important geometric 
parameters that define their topology, as it will be shown in the next paragraph. The spans L1 and L2 have 
been chosen so that L2 = 2L1 = 400mm, Fig. 3.  
Having determined the reaction force F and the mid-point deflection w2, Fig. 3, and considering the 
imposed displacement w1, the bending  stiffness D and shear stiffness S may be obtained by applying 
simple sandwich beam theory [5], using Eq. (5) and Eq. (6): 
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Fig. 3.  Schematic representation of a four-point bending investigation with shear force and moments diagrams 
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The mass of the sandwich beam may be determined using Eq. (7), where: tf – thickness of the exterior 
face sheets, tc – thickness of the core, ȡr – relative density of the core, ȡs – density of the solid the core 
and the exterior face sheets are made of, b – width of the beam, L2 – the active length of the beam.  
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Thus, a way of evaluating the structural performance of the sandwich beams is to calculate their mass 
specific bending stiffness Dm and their mass specific shear stiffness Sm, Eq. (8) and Eq. (9) respectively:  
 
m
DDm    (8) 
 
m
SS m    (9) 
Marian N. Velea and Simona Lache / Procedia Engineering 10 (2011) 287–292 291
5. Numerical analyses 
The numerical simulations were performed using ABAQUS/Standard software. Representative unit 
cells were developed for each of the presented topologies, and used to create the sandwich beam models 
by translating them in one direction (along X-direction), Fig. 4. To create the mesh of the unit cells, 
general purpose shell elements (S4R) were used. The S4R element is a reduced integration four-node 
element, each node having three displacement and three rotation degrees of freedom. Reduced integration 
decreases the amount of CPU time necessary for the analysis of the model and typically provides accurate 
results. In addition to this, symmetry conditions were applied in order to reduce de number of the degrees 
of freedom, see Fig. 4. 
 
 
Fig. 4.Four-point bending FE models: (a) honeycomb core; (b) corrugated core; (c) pyramidal lattice truss (d) ExpaAsym 
The top and the bottom cylinders have a radius r equal to 15 mm and they were modeled as analytical 
rigids, meaning that they can’t deform and are defined by a single point named the reference point. A 
displacement w1 of 1 mm was applied on the reference point from the top cylinder while the bottom 
cylinder was fixed in space, so that no permanent deformations occur. The corresponding mid-point 
deflection w2 was taken from a node of the top face sheet, within the symmetry plane. The resulted 
reaction force was extracted from the reference point of the bottom cylinder. The constant parameters 
defined within the model are presented in Table 1. 
Table 1. Constant parameters used within the FE model 
Parameter Value Unit 
material Young’s modulus Es 187000 MPa 
material density ȡs 8.03E-006 Kg/mm3 
thickness of the exterior face sheets tf 2 mm 
thickness of the core material 0.2 mm 
 
The parameters which are being varied, for each of the four types of the investigated cores, are the 
internal angle A and the l/c ratio, see Fig.1 and Fig. 2. Table 2 presents the results for the analyzed cases, 
considering mass specific bending and shear stiffness. 
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6. Results and conclusions 
The results illustrate that, for ExpaAsym structure, Dxm and Sxm rise in value with an increase of the l/c 
ratio, Table 2. Influences of the internal angle A are also visible. When considering the mass specific 
bending and shear stiffness, it is shown that the proposed cellular core may be used as an alternative to 
the already known cellular cores, with the benefit of a simpler and less expensive manufacturing process, 
together with a significant reduction of the involved material. 
Table 2. Mass specific bending and shear stiffness Dxm and Sxm of the investigated cores, for different geometric cases 
Cellular topology Honeycomb Corrugated Pyramidal lattice truss ExpaAsym 
Geometric 
parameters 
Dxm 
[Nmm2/Kg] 
× 108 
Sxm 
[N/mmKg] 
× 103 
Dxm 
[Nmm2/Kg] 
× 108 
Sxm 
[N/mmKg] 
× 103 
Dxm 
[Nmm2/Kg] 
× 108 
Sxm 
[N/mmKg] 
× 103 
Dxm 
[Nmm2/Kg] 
× 108 
Sxm 
[N/mmKg] 
× 103 
A = 45 
3l=c 9.236 1.298 1.295 0.185 - - 1.175 0.146 
2l=c 5.06 0.72 1.295 0.185 - - 1.296 0.166 
l=c 0.857 0.121 1.295 0.185 1.415 0.2 1.365 0.181 
l=2c 1.922 0.268 2.719 0.347 2.514 0.331 1.98 0.255 
l=3c 1.291 0.288 3.274 0.359 0.621 0.809 5.96 0.239 
A = 60 
3l=c 9.09 1.262 1.623 0.229 - - 1.074 0.131 
2l=c 5.04 0.711 1.623 0.229 - - 1.23 0.154 
l=c 1.92 0.274 1.623 0.229 1.169 0.160 1.461 0.189 
l=2c 1.919 0.266 2.866 0.355 3.139 0.414 2.12 0.273 
l=3c 1.311 0.269 3.26 0.260 12.82 0.545 1.593 0.241 
A = 75 
3l=c 8.591 1.169 1.296 0.155 - - 0.897 0.115 
2l=c 4.861 0.674 2.159 0.215 - - 1.165 0.147 
l=c 1.888 0.266 1.614 0.217 1.029 0.139 1.572 0.204 
l=2c 1.923 0.267 2.004 0.232 2.761 0.357 1.58 0.278 
l=3c 5.285 0.251 0.59 0.194 2.833 0.444 2.19 0.271 
Acknowledgements 
This paper is supported by the Sectoral Operational Programme Human Resources Development (SOP 
HRD), financed from the European Social fund and by the Romanian Government under the contract 
number POSDRU/6/1.5/S/6.  
References 
[1] Kooistra GW, Wadley HNG. Lattice truss structures from expanded metal sheet. Materials & Design 2007;28:507–514. 
[2] Queheillalt DT, Wadley HNG. Titanium alloy lattice truss structures. Materials & Design 2009;30:1966–1975. 
[3] Chung WS, Ventsel E, Krauthammer T, John J. Bending behav.of corrugated-core sandwich plates. Comp.S. 2005;70:81–89. 
[4] Gibson LJ, Ashby FM. Cellular solids. Structure and properties. 3nd ed. Cambrige University Press; 1999. 
[5] Zenkert D. The handbook of sandwich construction. Worcestershire: EMAS; 1997. 
